Crohn's disease has long been suspected of having a mycobacterial cause.'2 Mycobacterium paratuberculosis is a known specific cause of chronic enteritis in farm and other animals,34 including primates.5 Although this organism has been cultured from a very few patients with Crohn's disease,"'' its role in this condition has been difficult to define. This is because ofits very slow and uncertain growth in vitro culture, even from some infected animals," 2 and the difficulties ofdistinguishing it by conventional means from organisms of the M avium group, which are widespread in the environment'3 and normal inhabitants of the animal and human intestine. '4 Characteristics ofthe subjects in each group Crohn 23 25 IS900 is a multicopy DNA insertion element in M paratuberculosis and is specific for this organism.7 '16Polymerase chain reaction (PCR) amplification of IS900 provides a highly specific and sensitive method for detecting M paratuberculosis independent of in vitro culture.'7`8 Here we describe the application of these methods to DNA extracts ofsurgically resected human intestine.
Methods

PATIENTS AND SAMPLES
Full thickness samples of intestinal tissue, approximately 2 cm,2 were obtained in the operating room immediately after surgical resection from 40 patients with Crohn's disease, 23 patients with ulcerative colitis, and 40 control patients without inflammatory bowel disease (colon cancer (35) , gastric ulcer (2), sigmoid diverticulitis (2) , and small gut sarcoma (1) M paratuberculosis DNA, equivalent to a single mycobacterial genome. After 40 cycles PCR this result could be visualised on an agarose gel stained with ethidium bromide (Fig 1) .
As expected, all the known M paratuberculosis isolates were IS900 PCR positive. IS900 PCR did not amplify a 400 bp product or show a hybridisation signal with any of the 24 other mycobacterial or enteric bacterial DNA extracts (Fig 2) . The availability of bacterial DNA in each of these extracts was confirmed by a strongly positive PCR reaction using the 16S rRNA primers. 9 The correct 400 bp amplification product was obtained in each case when the IS900 PCR was applied to the DNA extracted from goat and sheep Johne's disease intestinal tissues, following the procedure identical to that used for the human tissues (Fig 3) . The native tissue DNA extracts had, however, to be diluted by a factor of 105 for goat and 107 for the sheep, to reduce the intensity of the IS900 PCR signal to approximate that obtained with the positive internal control reactions in the experiments.
Twenty six of the 40 (65%) Crohn's disease intestinal tissues were positive for M paratuberculosis (Fig 4) ; of these 19 were from the small intestine and seven from the colon. One of 23 (4.3%) ulcerative colitis tissues (Fig 5) and 5 of the 40 (12.5%) control tissues were also positive (Fig 6) . The five control samples that were positive were all from histologically normal colon in patients with colon cancer. Thirteen of the 26 positive Crohn's disease tissue samples were positive in two or all three lanes in the triplicate assay; the five positive control tissues were positive in one lane only. Both diverticulitis samples were negative. All of the 103 buffer only PCR control tubes and the 11 homogenisation/ DNA extraction blanks were negative. All of the known M paratuberculosis positive internal controls, were positive.
In five of the positive Crohn's disease patients selected at random, we returned to the original stored tissue. The DNA extraction and IS900 PCR were repeated with simultaneous internal PCR controls as before. All the Crohn's disease samples were again positive and the PCR controls negative. Four PCR negative Crohn's disease, two ulcerative colitis, and two control tissue DNA extracts were spiked with 10 fg M paratuberculosis DNA (equivalent to 2 mycobacterial genomes) and submitted to PCR to exclude inhibition in the assay. A positive signal was obtained in each case equivalent to that from 10 fg M paratuberculosis DNA alone. PCR positive or negative results in the 40 Crohn's disease patients showed no relation with small or large gut involvement or the presence or absence of granulomata.
Discussion
The specificity for M paratuberculosis of PCR assays based on their IS900 DNA insertion elements has been reported from work done in our own and other laboratories. '7 This is again demonstrated in the present study using the oligonucleotide primers and PCR assay conditions described. In addition, we show that the IS900 PCR reaction does not report the very closely related M avium subsp silvaticum. This is the 'woodpigeon' strain of M avium, also known to be a specific cause of chronic enteritis in cattle.2 22 M avium subsp silvaticum contains 10 or 11 copies of IS902,23 a second member of this unusual family of mycobacterial DNA insertion elements with close structural homology to IS900 in M paratuberculosis.
Oligonucleotide primers previously described for the PCR detection ofM paratuberculosis'7 were found not to be optimal for the human tissue DNA extracts. In the present study primer sequences were selected on the basis of minimal 3' base mismatch, freedom from involvement in IS900 secondary structure, and specificity in relation to the known DNA sequences of other elements in this family. ' 
